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Two key background 
themes in this talk



Timing of Maternal Deaths
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Source: Creanga A et al. Pregnancy Related Mortality in the U.S.,  2011-2013. Obstet & Gynec 2017.



(1) Implication of this distribution is 
that any attempt to resolve the 
problem of maternal death that 

doesn’t encompass both clinical and 
public health approaches is destined 

to miss a significant portion of
women at risk



(2) “Looking where there’s light”

“One searches where there is light”
Goethe 1749–1832

Source: Barry. The Great Influenza. 2004 p. 71



From Listening to Mothers 1
• Women surveyed in May & June, 2002 about their childbirth experiences. 

Included if they gave birth within 2 years prior to survey

Postpartum Depression 
• 19% of mothers scored 13+ on the Edinburgh Postnatal Depression Scale, 

meaning they were probably experiencing some degree of depression in 
the week preceding the survey.

• Only 43% of this group had consulted a professional about their mental 
health since giving birth.

What happened when this overall finding 
was stratified by time since birth?



Proportion of Women Scoring 13 + on 
Edinburgh Postnatal Depression Scale
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How much of what we term postpartum depression is 
chronic depression we happen to be measuring at that point 
in time?

What does this have to do with maternal mortality?

How much of what we’re measuring as “the unacceptable 
level of maternal mortality” is actually capturing a general 
problem in the health of women of reproductive age and we 
have chosen to shine a light on it for the period of conception 
to 1 year postpartum?



Death rates, by 
age, females: 
United States, 

1955–2014
Number of female 

deaths, 15-49 in 2014  
75,192.

Maternal deaths = ~1% 
of all those.

Source: NCHS. Deaths, Final Data for 2014



So, as we turn the focus to maternal 
mortality, keep this larger context in 

mind:
if we are going to improve maternal 
mortality rates we need to improve 

all women’s health – not just 
pregnant women’s health. 



Maternal Mortality 
in the U.S.



Definitions (in the U.S.) 
• Maternal Mortality Ratio – the death of a woman while pregnant or 

within 42 days of termination of pregnancy, irrespective of the duration and site 
of the pregnancy, from any cause related to or aggravated by the pregnancy or 
its management but not from accidental or incidental causes. Typically reported 
as a ratio per 100,000 births.

• Pregnancy Related Death – the death of a woman during pregnancy or 
within one year of the end of pregnancy from a pregnancy complication, a chain 
of events initiated by pregnancy, or the aggravation of an unrelated condition by 
the physiologic effects of pregnancy.

• Pregnancy Associated Death – The death of a women while pregnant or 
within one year of termination of pregnancy, irrespective of cause. (WHO calls 
these “pregnancy related”)



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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Source: NCHS. Deaths: Final Data. Annual Reports. 



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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89% decline (75.0 to 7.9)

Source: NCHS. Deaths: Final Data. Annual Reports. 



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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78% increase (7.1 to 12.7)

Source: NCHS. Deaths: Final Data. Annual Reports. 



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007
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maternal mortality rate since 2007 – led to our work

???

Source: NCHS. Deaths: Final Data. Annual Reports. 



Last reporting (2007)of a maternal mortality rate by NCHS



Impetus for our Study
Maternal Mortality Ratios (per 100K births), 2000-2014, U.S. & Comparable Countries *
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OECD   25% 
Decrease

* Countries with 300,000+ births (2012): Australia, Canada, France, Germany, Italy, Japan, S. Korea, Spain, United Kingdom 

Sources: OECD Health Data 2017; NCHS. 2009. Deaths, Final Data, 2007.



So has there been any way to monitor 
maternal death since 2007?



So has there been any way to monitor 
maternal death since 2007?

CDC and Pregnancy Related Mortality



Pregnancy Mortality Surveillance System



Data for CDCs Pregnancy Related Mortality System 
Each year, CDC requests the 52 reporting areas (50 states, New York 
City, and Washington DC) to voluntarily send copies of death 
certificates for all women who died during pregnancy or within 1 
year of pregnancy, and copies of the matching birth or fetal death 
certificates, if they have the ability to perform such record links. All 
of the information obtained is summarized, and medically trained 
epidemiologists determine the cause and time of death related to the 
pregnancy. Causes of death are coded by using a system established 
in 1986 by the American College of Obstetricians and Gynecologists 
and the Centers for Disease Control and Prevention Maternal 
Mortality Study Group.



Pregnancy Related Mortality, 
U.S., 1987-2013

Racial Disparities

Rates for 2011-13:

12.7   white women
43.5   black women
11.0   Hispanic   
14.4   other races

Source: CDC. 
Creanga. Pregnancy-

Related Mortality in the 
United States. Obstet

Gynecol 2017.



U. S. Maternal Mortality & Pregnancy Related Ratios 
(per 100,000 live births), 2000-2013 
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Maternal Mortality

Pregnancy Related Mortality

Relying solely on “Pregnancy 
Related Mortality” does not 
allow for international 
comparisons – more impetus for 
our study



Impetus for our Study
Maternal Mortality Ratios (per 100K births), 2000-2013, U.S. & Comparable Countries*
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* Countries with 300,000+ births (2012): Australia, Canada, France, Germany, Italy, Japan, S. Korea, Spain, United Kingdom 

NOTE: 2008-2013 US 
rates unofficial based on 

estimates by the CA MQCC

Sources: OECD Health Data 2017; ^California Maternal Quality Care 
Collaborative (CMQCC) 2014; NCHS. 2009. Deaths, Final Data, 2007.

Two questions arise from the 
extension to 2013



Impetus for our Study
Maternal Mortality Ratios (per 100K births), 2000-2013, U.S. & Comparable Countries*
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* Countries with 300,000+ births (2012): Australia, Canada, France, Germany, Italy, Japan, S. Korea, Spain, United Kingdom 

NOTE: 2008-2013 US 
rates unofficial^

Sources: OECD Health Data 2015; ^California Maternal Quality Care 
Collaborative (CMQCC) 2014; NCHS. 2009. Deaths, Final Data, 2007.

How did 
CMQCC 

estimate the 
rates after 

2007?

Was the U.S. Increase the 
Result of Improved Case 

Ascertainment?



Where CMQCC got their data – CDC Wonder



Underlying cause of death
Total maternal deaths (during pregnancy or within 42 days after the end of pregnancy) (A34, O00-O95, O98-O99)
Total direct obstetric causes (A34, O00-O92)
Pregnancy with abortive outcome (O00-O07)

Ectopic pregnancy (O00)
Hypertensive disorders (O10-O16)

Pre-existing hypertension (O10)
Eclampsia and pre-eclampsia (O11,O13-O16) 

Obstetric Hemorrhage (O20,O43.2,O44-O46,O67,O71.0-O71.1, O71.3-O71.4,O71.7,O72)
Pregnancy-related infection (O23,O41.1,O75.3,O85,O86,O91)

Puerperal sepsis (O85)
Other obstetric complications (O21-O22,O24-O28,O30-O41.0, O41.8-O43.1, O43.8-O43.9,O47--O66,O68-O70,O71.2, O71.5, O71.6, 
O71.8, O71.9,O73,O75.0-O75.2,O75.4-O75.9,O87-O90,O92)

Diabetes mellitus in pregnancy (O24)
Liver disorders in pregnancy (O26.6)
Other specified pregnancy-related conditions (O26.8)
Obstetric embolism (O88)
Cardiomyopathy in the puerperium (O90.3)

Anesthesia-related complications (O29,O74,O89)
Total indirect causes (O98-O99)

Mental disorders and diseases of the nervous system (O99.3)
Diseases of the circulatory system (O99.4)
Diseases of the respiratory system (O99.5)
Other specified diseases and conditions (O99.8)

Obstetric death of unspecified cause (O95)
Late maternal causes (43 days-1 year after the end of pregnancy) (O96-O97)

Maternal Death 
ICD-10 Codes



Revised (2003) U.S. Standard 
Certificate of Death 



To improve case identification:

U.S. Standard Pregnancy Question, 2003 (sort of)
Checkbox format:

IF FEMALE:
Not pregnant within past year
Pregnant at time of death
Not pregnant, but pregnant within 42 days of death
Not pregnant, but pregnant 43 days to 1 year before 

death
Unknown if pregnant within the past year

Meant to solve 2 
problems: 
(1) Most states had 

no such question; 
and

(2) Different 
questions used in 
different states



Am J Prev Med 2000;19(1S):35-39. 

16 States 
already had a 

checkbox as far 
back as 1991-
1992, but with 

different 
wording 



Time periods used:
42 days;
6 weeks;

3 months; 
90 days;
12 mos;

“last year”



Maternal Mortality Rates (per 100,000) in States 
with & without a checkbox, 1996-2003
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So adopting the checkbox will solve the problem of under ascertainment
& we can report a more accurate national rate after 2003?  

Source: Hoyert DL. Maternal mortality and related concepts. National Center for Health Statistics. Vital Health Stat 3(33). 2007. 



Delays in Adoption of the U.S. 
Standard Pregnancy Question 

among States  

* Note:  Some states adopted change 
in the middle of the calendar year.  

New Adopters* Total
2003 4 4
2004 7 11
2005 7 18
2006 4 22
2007 2 24
2008 7 31
2009 0 31
2010 4 35
2011 2 37
2012 4 41
2013 1 42
2014 5 47
2015 2 49
2016 1 50
2017 1 51

New England
New Hampshire 4/2004
Connecticut 2005
Rhode Island 2006
Vermont 7/2008
Maine 2010
Massachusetts 9/2014



Our Analysis

We did an analysis that examined data by 
state, modeled for whether or not they were 
using the new item, and came up with national 
estimates. 

Not enough cases to do single state analyses, 
but could look at some of the larger states.





Grouping the States
• Group 1 – 24 states & D.C. that did not have an unrevised pregnancy question and 

adopted the U. S. standard question by January 2013 

• Group 2 – 14 states that had an unrevised pregnancy question with a timeframe 
longer than the U.S. standard

• Group 3 – 7 states that had not revised by late 2013 with either no pregnancy 
question or a nonstandard pregnancy question on their unrevised death certificate.

• Group 4 – 3 states that had an unrevised pregnancy question consistent with the 
U.S. standard.

But wait – that only adds up to 48 states & DC



Grouping the States
• Group 1 – 24 states & D.C. that did not have an unrevised pregnancy question and 

adopted the U. S. standard question by January 2013 

• Group 2 – 14 states that had an unrevised pregnancy question with a timeframe 
longer than the U.S. standard

• Group 3 – 7 states that had not revised by late 2013 with either no pregnancy 
question or a nonstandard pregnancy question on their unrevised death certificate.

• Group 4 – 3 states that had an unrevised pregnancy question consistent with the 
U.S. standard.

California and Texas are unique – each in their own ways



Correcting for Impact of Adding Pregnancy Box

Also did tests involving 1 year and 3 year periods with little change



Estimating a Combined, Adjusted MMR,
for 48 states and DC, from 2000-2014

• California excluded because only reports deaths at <1 
year.  Texas excluded because of divergent trend. 

• First, computed the weighted average of the slopes of 
the regression lines from Analysis Groups 1-4, weighted 
by the total number of live births in each group from 
2000-2014.  Weighted slope=0.357.  

• Then computed a combined 2014 MMR for the 44 
states and DC with standard pregnancy question.  

• Used the combined slope to back-estimate MMRs back 
to 2000.  



Estimated MMRs, 48 states* and DC, 2000-2014
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*Excludes California and Texas.

27% increase 2000-2014

How might the U.S. compare internationally? 



Maternal Mortality Ratios, OECD* Countries, 
2014
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* Organization for Economic and Cooperation and Development



U.S. MMR* Compared to Countries with 
300,000+  births, 2014, using WHO Estimates
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* Maternal Mortality per 100,000 births
Source: Maternal Mortality: 1990 to 2015 Estimates by WHO, UNICEF, UNFPA, World Bank Group & UN Population Division. Geneva: 2015.  



U.S. MMR* Compared to Countries with 
300,000+  births, 2014, using WHO Estimates
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If we limited the US ratio to white 
mothers (estimated 11.3) only, 
the U.S. would still rank behind all 
other countries including South 
Korea



But what about me? 
How are we doing locally? 



Maternal Mortality Ratio (per 100,000 live births)
in New England States, 2016 (?)
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Massachusetts Maternal Deaths, 
(per 100,000), 1992-2015
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What are the causes of maternal deaths? 



2nd Article in Series

Obstet Gynecol 2017;129:811–8



Over Ascertainment??
• Research into the cause of death category finds much of the 

increase is coming from less specific codes. 

• Other specified pregnancy-related conditions (O26.8)
• Other obstetric complications (O21–O22, O24– O41.0, O41.8–O43.1, O43.8–O43.9,O47–O66, 

O68–O70, O71.2, O71.5,O71.6, O71.8, O71.9, O73–O75.2,O75.4–O75.9, O87–O90, O92)

• Other specified diseases and conditions (O99.8)
• Obstetric death of unspecified cause (O95)



Underlying cause of death
Total maternal deaths (during pregnancy or within 42 days after the end of pregnancy) (A34, O00-O95, O98-O99)
Total direct obstetric causes (A34, O00-O92)
Pregnancy with abortive outcome (O00-O07)

Ectopic pregnancy (O00)
Hypertensive disorders (O10-O16)

Pre-existing hypertension (O10)
Eclampsia and pre-eclampsia (O11,O13-O16) 

Obstetric Hemorrhage (O20,O43.2,O44-O46,O67,O71.0-O71.1, O71.3-O71.4,O71.7,O72)
Pregnancy-related infection (O23,O41.1,O75.3,O85,O86,O91)

Puerperal sepsis (O85)
Other obstetric complications (O21-O22,O24-O28,O30-O41.0, O41.8-O43.1, O43.8-O43.9,O47--O66,O68-O70,O71.2, O71.5, O71.6, O71.8, O71.9,O73,O75.0-O75.2,O75.4-O75.9,O87-O90,O92)

Diabetes mellitus in pregnancy (O24)
Liver disorders in pregnancy (O26.6)
Other specified pregnancy-related conditions (O26.8)
Obstetric embolism (O88)
Cardiomyopathy in the puerperium (O90.3)

Anesthesia-related complications (O29,O74,O89)
Total indirect causes (O98-O99)

Mental disorders and diseases of the nervous system (O99.3)
Diseases of the circulatory system (O99.4)
Diseases of the respiratory system (O99.5)
Other specified diseases and conditions (O99.8)

Obstetric death of unspecified cause (O95)
Late maternal causes (43 days-1 year after the end of pregnancy) (O96-O97)

Maternal Death 
ICD-10 Codes



Assessing the impact of ill-defined causes on maternal 
deaths and mortality rates by cause of death,

27 states and DC, 2008-2009 to 2013-2014



Maternal mortality rates by age for specific & nonspecific 
causes of death, 27 states & DC, 2008–2009 and 2013–2014.
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Sensitivity Analysis of Impact 
of 1% Random Miscoding





Impact of the Checkbox – Better and Worse 
Ascertainment• The Four Committee data includes a total of 650 potentially pregnancy-

related deaths. Among these, 97 were determined to have no evidence of 
pregnancy within the year prior to the woman’s death (neither 
pregnancy-related nor –associated; false positive pregnancy-associated 
deaths), and so were excluded from further analysis. The predominant 
reason for these 97 false positives were errors on the death certificate 
from the pregnancy checkbox. While the checkbox contributed to errors, 
the Four Committee data show that the checkbox also improved 
identification of pregnancy-related deaths. Without the pregnancy 
checkbox, approximately 50% of pregnancy-related deaths that occurred 
during pregnancy and 11% of pregnancy-related deaths that occurred 
within 42 days of the end of pregnancy, and 8% of pregnancy-related 
deaths that occurred within 43 days to 1 year of the end of pregnancy 
would have been missed. 



Real potential for over-ascertainment, 
though unlikely it accounts for the increases 
which are seen across all settings and even 
the most conservative measures show the 

U.S. faring poorly in international 
comparisons. 



How do these findings vary by 
race/ethnicity?



Maternal mortality rates by race and ethnicity, 27 states* 
and Washington D.C., 2008-9 and 2013-14

NH = non-Hispanic. n.s. = no significant change.  
* Arkansas, Connecticut, Delaware, Florida, Georgia, Idaho, Illinois, Indiana, Kansas, Michigan, 
Montana Nebraska, Nevada, New Hampshire, New Jersey, New Mexico, New York, North Dakota, Ohio, 
Oklahoma, Oregon, Rhode Island, South Carolina, South Dakota, Utah, Washington, and Wyoming.  

+21%

+24%
n.s. +29%

Black-White 
ratio  

2.8



Interracial Differences

Hispanic 10.0 (Lithuania 10/Portugal 10)

Where would estimated rates leave the U.S. 
in international comparisons?  



Interracial Differences

Hispanic 10.0 (Lithuania 10/Portugal 10)

NH White 11.3 (Bulgaria 11/S. Korea 11)

Where would estimated rates leave the U.S. 
in international comparisons?  



Interracial Differences

Hispanic 10.0 (Lithuania 10/Portugal 10)

NH White 11.3 (Bulgaria 11/S. Korea 11)

NH Black 36.2 (Uzbekistan 36/ Mexico 38)

Where would estimated rates leave the U.S. 
in international comparisons?  



U.S. Maternal Mortality (per 100,000 live births), 
1951-2007 by Race
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U.S. Maternal Mortality Ratio of Black to 
White Rates 1951-2007
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Conclusions
• Maternal mortality may be rising at a slower rate than thought, but 

largely because the earlier rates may have underestimated the 
actual number of maternal deaths.

• We don’t actually know what the exact national rate is & won’t until 
we standardize measurement across all states (2018?).

• Maternal deaths in the U.S. by any measure appear to be rising in 
contrast to most of the rest of the world, resulting in the U.S. ranking 
declining in international comparisons.



Conclusions
• There are wide disparities by race/ethnicity, HOWEVER, even if we 

limit comparisons of whites to other countries, the U.S. still fares 
poorly in international comparisons.

• Deaths for unspecified causes needs more examination, particularly 
among older mothers 

• Texas deserves more attention.



Next Steps
• Clarify the nature of the problem – Establish & staff state Maternal 

Mortality Review Committees to explore in depth the causes of these deaths 
and if they were preventable (IL study found 32.4% potentially preventable)

• Improve maternity care systems – establishment of state or regional 
Perinatal Quality Collaboratives to address clinical care issues

• Focus on women’s public health – since maternal deaths involve 
more than childbirth, focus on women’s health not just because she might 
someday have a child, but because women’s health in itself is important. Can 
result in women being healthier when they become pregnant and better 
cared for after they have a baby. 



Alaska Hawaii Active MMR Committees (~27 states/1 city)
Newly starting up/planning a MMR Committees (~11 states/DC)
Unknown/No Reviews (~12 states)

*

*Our Best Estimate

*

Legislative  support this past session (~5 states)

The Maternal Mortality Review Universe

Current* as of 10/3/16

Source: CDC. Div. of Reproductive Health



FACEBOOK: www.facebook.com/BirthByTheNumbers
Twitter: @BirthNumbers

Email: birthbynumbers@gmail.com
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